The type locality of the Archean-Paleoprotero zoic suture zone in the southern Rocky Mountains is marked by a series of subvertical shear zones collectively called the Cheyenne belt. The Cheyenne belt is a key structure for developing models for 1780-1740 Ma tectonism along the southern margin of the Archean Wyoming Province, which heralded a rapid period of continental amalgamation. This paper tests existing structural and platetectonic models for the Cheyenne belt with detailed geologic mapping, kinematic analyses, quartz crystallographic fabric analyses, and deformation mechanism analyses of the northern mylonite zone of the eastern Medicine Bow Mountains. Mylonites of this zone record a complex deformation history, but the main deformation phase was sinistral/ northwest-side-up oblique transpression. Evidence for southeast-side-up, dip-slip motion that characterizes many other areas of the belt is confi ned to ultramylonites immediately adjacent to the terrane boundary. Hence, fabrics related to sinistral transpression were likely overprinted by southeast-side-up motion. Sinistral strike-slip motion is recorded in at least two other localities in the Cheyenne belt. Because synmetamorphic fabrics on both sides of the suture zone record sinistral strike-slip and northwest-side-up motion, this was probably the dominant deformation style in the fi eld area and may have been the dominant deformation style throughout the Cheyenne belt. Based on these data and regional constraints, we interpret the Cheyenne belt as a subvertical transpressional stretching fault system that simultaneously accommodated sinistral strike-slip motion, penetrative horizontal shortening, and dip-slip motion related to differential crustal thickening between the relatively cold Wyoming Province and younger, hotter rocks to the south.
INTRODUCTION
The Medicine Bow Mountains and Sierra Madre in southeastern Wyoming present one of the best records of Paleoproterozoic platetectonic processes in North America ( Fig. 1 ) (Whitmeyer and Karlstrom, 2007) . Rocks in this area record: (1) rifting and formation of a passive margin along the southern margin of the Archean Wyoming Province beginning around 2010 Ma, followed by (2) reactivation of the passive margin and accretion of the Green Mountain terrane of the Colorado Province during the 1780-1740 Ma Medicine Bow orogeny (e.g., Hills and Houston, 1979; Karlstrom and Houston, 1984; Duebendorfer and Houston, 1987; Chamberlain, 1998; Jones et al., 2010) . The tectonic reactivation of the southern margin of the Wyoming Province was the start of a rapid period of continental amalgamation as an ~1000-km-wide belt of relatively juvenile crust collectively known as the Colorado Province was added to the Archean cratons of North America over a 140-170 m.y. period (Hoffman, 1988; Bowring and Karlstrom, 1990; Bickford and Hill, 2007; Whitmeyer and Karlstrom, 2007) .
The fundamental boundary between the Archean Wyoming Province and the ca. 1800-1650 Ma rocks of the Colorado Province is called the Cheyenne belt ( Fig. 1) Hills and Houston, 1979; Karlstrom and Houston, 1984; Duebendorfer and Houston, 1987) . The type locality of the Cheyenne belt is located in the Medicine Bow Mountains (Fig. 1) , where it is marked by a set of northeast-striking, subvertical shear zones. The movement history of these shear zones is one of the key lines of evidence used to develop structural and platetectonic models for the Medicine Bow orogeny and the amalgamation of the Colorado and Wyoming Provinces (Hills and Houston, 1979; Duebendorfer and Houston, 1987; Chamberlain, 1998) . Historically, these shear zones have been interpreted as part of a strike-slip fault system (Warner, 1978) ; a high-angle reverse fault system representing a paleo-subduction zone (Hills and Houston, 1979) ; a gently dipping, crustal-scale thrust fault system rotated into its present subvertical orientation during late-stage, orogen-scale folding (Karlstrom and Houston, 1984; Houston, 1986, 1987; Duebendorfer, 1988) ; and a crustal-scale stretching fault that accommodated differential crustal thickening during the Medicine Bow orogeny (Sullivan et al., 2011) . The thrust fault model is the most widely accepted, and it has led to plate-tectonic models that invoke nearorthogonal collision during the Medicine Bow orogeny (Hills and Houston, 1979; Duebendorfer and Houston, 1987; Chamberlain, 1998; Jones et al., 2010) . The thrust fault model is based on fi ve lines of evidence: (1) Lineations in the Cheyenne belt shear zones are typically steeply plunging; (2) kinematic analyses of L-S tectonites from the frontal shear zone indicate southeast-side-up motion; (3) foliations and bedding are generally subparallel with the tectonic contacts; (4) metamorphic grade increases abruptly across the shear zones toward the southeast; and (5) large horizontal displacements are needed to juxtapose the widely different rock units exposed across the Cheyenne belt (Hills and Houston, 1979; Karlstrom and Houston, 1984; Houston, 1986, 1987; Duebendorfer, 1988) .
All fi ve lines of evidence used to support the thrust fault model also can be explained by transpressional deformation with strike-slip motion and penetrative horizontal shortening coupled with vertical elongation. First, detailed examinations of transpressional shear zones and strain modeling indicate that the subvertical foliations, apparent fl attening strains, and subvertical lineations found throughout the Cheyenne belt are compatible with tectonic transpression (e.g., Fossen and Tikoff, 1993; Greene and Schweickert, 1995; Dutton, 1997; Dewey et al., 1998; Jiang and Williams, 1998; Czeck and Hudleston, 2003; Jones et al., 2004; Kuiper et al., 2011) . Second, transpression zones that localize horizontal shortening coupled with vertical elongation require localized dip-slip stretching faults (Means, 1989) to maintain strain compatibility at their margins (Dewey et al., 1998) . This localization of stretching faults could explain the southeast-side-up motion recorded in the frontal shear zone of the Cheyenne belt (Sullivan et al., 2011) . Third, long-lived transpression also should create foliations parallel with tectonic boundaries and rotate bedding parallel with these boundaries. Fourth, localized horizontal shortening coupled with vertical elongation would have driven more rapid exhumation of high-grade rocks in the Cheyenne belt and, therefore, can explain the observed southward increase in metamorphic grade. Finally, strikeslip motion can easily juxtapose different rock units. Therefore, it is plausible that the main phase of deformation in the Cheyenne belt shear zones occurred while they were subvertical, and 
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Sierra Madre that this deformation was transpressional. If this transpression hypothesis is correct, a new structural model for the Medicine Bow orogenic belt is needed, and plate-tectonic models for terrane amalgamation along the southern margin of the Wyoming Province should be revised to account for strike-slip motion in the type locality of the Cheyenne belt.
Both the rotated thrust fault and transpression models for the Cheyenne belt provide a number of testable predictions (Table 1) . These tests fall into two categories: (1) detailed, across-strike kinematic analyses of the subvertical high-strain zones in the Cheyenne belt, which may reveal previously undocumented strain partitioning and localized strike-slip motion; and (2) combined quantitative thermobarometry, thermochronology, and geochronology, which may help to constrain pressure-temperature-time (P-T-t) paths across the Medicine Bow orogeny. We focus on the fi rst of these two categories as a gateway to the more costly and involved thermobarometry, thermochronology, and geochronology. Hence, this contribution integrates detailed geologic mapping, kinematic analyses of S and L-S tectonites, quartz crystallographic fabric analyses, and deformation mechanism analyses of the frontal deformation zone of the Cheyenne belt adjacent to Bear Lake in the eastern Medicine Bow Mountains ( Figs. 1 and 2 ). This study area is hereafter referred to as the Bear Lake locality. Data from the Bear Lake locality along with reconnaissance-level data from two other sites indicate that sinistral strike-slip motion was accommodated across the Cheyenne belt. These new data are integrated with regional constraints to produce a new conceptual model for the Medicine Bow orogeny in the type locality of the Cheyenne belt.
REGIONAL GEOLOGY Shear Zones of the Cheyenne Belt
In the Medicine Bow Mountains, the Cheyenne belt appears as an eastward-branching set of northeast-striking, subvertical deformation zones that separate distinct lithotectonic terranes ( Fig. 1) Hills and Houston, 1979; Karlstrom and Houston, 1984; Houston, 1986, 1987; Dueben dorfer, 1990; Houston and Karlstrom, 1992) . There are four deformation zones in the central and eastern Medicine Bow Mountains Duebendorfer, 1990; Karlstrom and Houston, 1992) . From north to south, these zones are named the northern mylonite zone, central mylonite zone, southern mylonite zone, and Rambler shear zone ( Fig. 1) (Duebendorfer and Houston, 1987; Houston, 1993) . In most areas, terrane juxtaposition was largely accomplished by plastic deformation under amphibolite-facies conditions (Duebendorfer, 1986; Houston, 1986, 1987) . Available direct dates of this amphibolite-facies deformation all are ca. 1750 Ma (Strickland, 2004; Dueben dorfer et al., 2006) .
Reconnaissance-level microstructural and quartz c-axis fabric analyses from the length of the northern mylonite zone indicate southeast-side-up, dip-slip or oblique-slip motion (Dueben dorfer, 1986; Houston, 1986, 1987) . Two detailed across-strike studies of the northern mylonite zone in the western Medicine Bow Mountains corroborate these results and also show that signifi cant strain partitioning occurred in at least part of the Cheyenne belt (Sullivan et al., 2011) . In the far western Medicine Bow Mountains, where the belt narrows to a single deformation zone ( Fig. 1) , lower-amphibolite-facies deformation fabrics record signifi cant coaxial horizontal shortening and relatively minor southeast-side-up motion (Sullivan et al., 2011) . To the east of this area, lower-amphibolite-facies deformation fabrics in the northern mylonite zone record signifi cant southeast-side-up motion and partitioned coaxial horizontal shortening (Sullivan et al., 2011) .
Throughout most of the Sierra Madre, the ca. 1750 Ma, amphibolite-facies shear zones of the Cheyenne belt were truncated by 1590-1620 Ma brittle faults that now form the terrane boundaries in this area ( Fig. 1) (Houston and Graff, 1995; Duebendorfer et al., 2006) . There is no evidence that ca. 1600 Ma deformation significantly modifi ed the terrane boundaries in or near the Bear Lake locality (Duebendorfer, 1986) .
Terranes Juxtaposed across the Cheyenne Belt
Wyoming Province
The oldest known rocks north of the Cheyenne belt are Neoarchean orthogneiss and foliated granite exposed along the western fl ank of the Medicine Bow Mountains (Fig. 1) Hills et al., 1968; Premo and Van Schmus, 1989) . Within 1 km of the Cheyenne belt, gneissic banding and foliations in the Archean rocks are rotated parallel with the northeast-striking, subvertical Paleoproterozoic deformation fabrics Sullivan et al., 2011) . Elsewhere in the Medicine Bow Mountains, Archean deformation fabrics are north-northwest to west striking with variable dips that refl ect polyphase folding .
Archean rocks are overlain by the Paleoproterozoic Snowy Pass Supergroup ( Fig. 1 ) Karlstrom et al., 1983;  Lowest P and T rocks; southward decrease in P and T High-or low-P and -T rocks possible; high P and T probable
s h t a p P and T at start of thrusting; footwall peak P at end of thrusting, peak T after thrusting Peak P and T coeval across orogen Houston and Karlstrom, 1992) . From bottom to top, the Snowy Pass Supergroup is composed of:
(1) the ~3.6-km-thick Deep Lake Group, which primarily consists of polymictic metaconglomerate and quartzite; (2) the ~4.4-km-thick lower part of the Libby Creek Group, which primarily consists of quartzite; and (3) the ~3-km-thick upper part of the Libby Creek Group, which primarily contains metamorphosed dolostone and an uppermost ~1-1.5-km-thick black phyllite and slate member formally named the French Slate Karlstrom et al., 1983; Houston and Karlstrom, 1992) . The Deep Lake and lower Libby Creek Groups are intruded by numerous 2100-2000 Ma tholeiitic dikes and plugs, and they record rifting along the southern margin of the Wyoming Province (Hills and Houston, 1979; Karlstrom et al., 1983; Karlstrom and Houston, 1984) . The upper Libby Creek Group is interpreted as a passive-margin sequence (Hills and Houston, 1979; Karlstrom et al., 1983; Karlstrom and Houston, 1984) . The Deep Lake Group and the lower and upper Libby Creek Group are all bounded by bedding-parallel faults widely interpreted as thrust faults ( Fig. 1) Karlstrom and Houston, 1984; Houston and Karlstrom, 1992) . Bedding and faults in the Snowy Pass Supergroup are northeast striking and steeply dipping, except where they are deformed by the multi-kilometer-scale, steeply plunging French Creek syncline ( Fig. 1) Houston and Karlstrom, 1992) . The syncline and the faults are truncated by the northern mylonite zone (Fig. 1) Karlstrom and Houston, 1984; Houston and Karlstrom, 1992) . Horses of lower Libby Creek Group quartzite are entrained in the northern mylonite zone east of the French Creek syncline. These horses must have been cut off from the French Creek syncline, and they exhibit ~8 km of sinistral separation (Houston and Karlstrom, 1992) .
The French Slate contains a well-developed, northeast-striking, subvertical foliation that is parallel with bedding and sparse small iso clinal folds Karlstrom and Houston, 1984) . This deformation fabric is defi ned by prograde metamorphic minerals and is widely interpreted as coeval with the Cheyenne belt (Karlstrom and Houston, 1984; Dueben dorfer, 1986; Duebendorfer and Houston, 1987; this study) . Quartzites and metaconglomerates of the lower Libby Creek and Deep Lake Groups exhibit little or no internal deformation, whereas pelitic rocks of these units are strongly foliated and variably folded Karlstrom and Houston, 1984) .
Phyllite and slate of the French Slate have normal marine-shale bulk compositions and contain the prograde mineral assemblage chlorite + white mica + quartz + detrital K-feldspar (Karlstrom et al., 1983) . Greenstones of the upper Libby Creek Group contain the prograde mineral assemblage actinolite + chlorite + epidote (Karlstrom et al., 1983) . These mineral assemblages indicate peak metamorphic temperatures of ~400 °C or less (Spear and Cheney, 1989) . Metamorphic grade in the French Slate systematically increases within 1 km of the Cheyenne belt, and the prograde assemblages staurolite + garnet + biotite and, in one sample, andalusite + kyanite + garnet + biotite are found within 50-100 m of the northern mylonite zone, ~1.5 km northeast of the Bear Lake locality (Duebendorfer, 1988) . These mineral assemblages record metamorphic temperatures of 500 °C or more (Duebendorfer, 1988; Spear and Cheney, 1989 ). Duebendorfer's (1988) description indicates that both Al 2 SiO 5 polymorphs in the French Slate either predate or developed at the same time as the tectonic fabric related to the northern mylonite zone. A thrust fault model for the Cheyenne belt implies a relatively rapid pressure increase in the footwall during thrust motion followed by nearly isobaric heating as the thermal gradient between the hanging wall and footwall relaxed. A transpression model also implies nearly isobaric heating of rocks on the north side of the zone, but the P-T-t path is more analogous to contact metamorphism adjacent to a pluton. In either case, the French Slate should have passed from the kyanite stability fi eld into the andalusite fi eld during prograde metamorphism. Such a P-T-t path limits peak pressures on the northeast side (presumptive footwall) of the Cheyenne belt to the pressure of the Al 2 SiO 5 triple point, or ~390 MPa (Hemmingway et al., 1991) .
Terranes within the Cheyenne Belt
Two distinct lithotectonic terranes, bounded by shear zones of the Cheyenne belt, are exposed southeast of the Snowy Pass Supergroup in the central and eastern Medicine Bow Mountains. Following the terminology of Sullivan et al. (2011) , these are referred to here as the Bear Lake terrane and Barber Lake terrane (Fig. 1) . Note, we use the term terrane in the nongenetic, descriptive sense of Irwin (1972) .
The Bear Lake terrane is juxtaposed with the French Slate across the northern mylonite zone (Fig. 1) . The eastern subterrane of the Bear Lake terrane consists of polydeformed quartzofeldspathic orthogneiss, whereas the western subterrane consists of a bimodal sequence of tholeiitic orthoamphibolite and foliated granite (Duebendorfer, 1986; Houston, 1986, 1987) . Rocks of the eastern subterrane yield Archean Nd model ages, and they are probably a slice of Archean Wyoming Province basement (Ball and Farmer, 1991) . The age of the western subterrane is unknown. The eastern subterrane contains numerous upright to steeply dipping, gently plunging to subhorizontal, outcrop-scale, symmetrical folds that deform compositional layering in the gneiss (Duebendorfer and Houston, 1987) . These folds tighten approaching the northern mylonite zone and become axial planar with the mylonitic foliation as gneissic banding is progressively transposed into parallelism with the shear zone (Duebendorfer and Houston, 1987 ; this study). Houston (1986, 1987) interpreted these folds as coeval with the Cheyenne belt deformation based on their orientations and their progressive intensification closer to the terrane-bounding shear zones.
The Barber Lake terrane is juxtaposed with the Bear Lake terrane across the central mylonite zone. It primarily consists of migmatitic paragneiss that hosts numerous meter-to kilometerscale garnet-bearing biotite granite and leucogranite bodies (Duebendorfer and Houston, 1987) . The paragneiss contains the prograde assemblage sillimanite + K-feldspar + melt, which indicates peak metamorphic temperatures of 650 °C or more (Duebendorfer and Houston, 1987; Spear and Cheney, 1989) . Synmetamorphic titanite from these rocks yielded a U-Pb age of 1748 ± 10 Ma (Strickland, 2004) . These rocks also yield 2000-2400 Ma Nd model ages and Archean detrital zircon, and their protolith must have formed near an Archean craton (Ball and Farmer, 1991; Jones, 2011) . Synmetamorphic folds in this terrane are upright to steeply inclined, subhorizontal to reclined, and they are associated with a variably developed northeaststriking and steeply southeast-dipping foliation (Duebendorfer and Houston, 1987) . These folds and foliations progressively tighten and intensify approaching the Cheyenne belt shear zones, where they are completely transposed into parallelism with the mylonitic foliations (Duebendorfer and Houston, 1987) .
Rocks South of the Cheyenne Belt
A wide variety of igneous intrusive, metavolcanic, and metasedimentary rocks are exposed south of the Cheyenne belt in the Sierra Madre and Medicine Bow Mountains Houston et al., 1989; Houston and Graff, 1995; Jones et al., 2010) . These rocks are generally considered part of the Green Mountain arc (Condie and Shadel, 1984; Reed et al., 1987; Tyson et al., 2002) . Because igneous rocks in this terrane record both arc magmatism and postarc extension (Jones et al., 2010 , we refer to it as the Green Mountain terrane to avoid the genetic connotation of the term "arc." Arc-related igneous rocks in the Green Mountain terrane include ca. 1774-1782 Ma layered mafi c complexes, gabbro , diorite, tonalite, granite, and rhyolite porphyry (Premo and Van Schmus, 1989; Premo and Loucks, 2000; Jones et al., 2010 Jones et al., , 2011 . In the southeastern Sierra Madre, a voluminous ca. 1759-1769 Ma bimodal gabbro-granite suite intrudes the arc-related rocks, and probably records crustal extension after the end of arc magmatism (Jones et al., 2010) . Rocks in the southeastern Sierra Madre experienced amphibolitefacies metamorphism and north-south-directed shortening at ca. 1750 Ma (Jones et al., 2010) . To date, no detailed structural or geochronologic analyses have been conducted south of the Cheyenne belt in the Medicine Bow Mountains. However, the published 1:63,360 scale mapping and our reconnaissance-level observations show that lithologic contacts and foliations throughout the southern Medicine Bow Mountains are generally east to northeast striking and steeply dipping to subvertical over 30 km across orogenic strike south of the Cheyenne belt . Fabrics in deformed mafi c rocks throughout this region are defi ned by amphibolite-facies mineral assemblages Houston et al., 1989) .
BEAR LAKE LOCALITY ROCK UNITS
French Slate
The French Slate lies entirely within the mapped extent of the northern mylonite zone (Fig. 2) . Here it contains the prograde assemblage biotite + muscovite + quartz + plagioclase + garnet ± chlorite. Throughout the fi eld area, this unit contains a strong, northeast-striking, steeply north-dipping to subvertical foliation defi ned by aligned biotite and muscovite and a moderate to strong downdip mineral lineation defi ned by biotite porphyroblasts and pressureshadow overgrowths on porphyroblasts (Figs. 2 and 3A). Duebendorfer (1988) calculated metamorphic temperatures of 433 ± 18 °C and 449 ± 22 °C (2σ error) for two samples from the Bear Lake locality using the garnet-biotite thermometer of Hodges and Spear (1982) and an assumed pressure of 350-400 MPa.
Eastern Bear Lake Subterrane
Banded Gneiss
The banded gneiss lies entirely within the mapped extent of the northern mylonite zone (Fig. 2) . It is generally a mylonite, with a 50-100-m-wide band of ultramylonite at the contact with the French Slate. Mylonitic banded gneiss contains alternating 0.5-3-cm-wide, lightcolored layers containing quartz + plagio clase + K-feldspar ± biotite ± epidote and 0.1-3-cmwide, dark-colored layers containing plagioclase + K-feldspar + quartz + biotite + epidote + titanite + muscovite ± hornblende ± calcite. Ultramylonites are compositionally homogeneous. Both mylonites and ultra mylonites contain strong, straight, northeast-striking, subvertical grain-shape foliations defi ned by fl attened feldspar and quartz grains and aligned micas (Figs. 3B and 4A) . Ultramylonites are S tectonites with no visible lineations on foliation surfaces. Mylonites are S to S > L tectonites. Where present, weakly developed mineral lineations in mylonites are defi ned by elongated quartz and feldspar grains and aggregates of biotite grains, and they range from subhorizontal to steeply plunging (Fig. 3B) . In a few outcrops, foliation in mylonite is deformed by 10-30-cm-scale, moderately to steeply plunging, upright, tight-toisoclinal folds.
Quartz in mylonites and ultramylonites exhibits sweeping undulose to straight extinction and few to no subgrains. Individual quartz grains are 50-500 μm in width, irregular or amoeboid in shape, and contain many embayments. Island quartz grains hosted in larger grains are common. Mylonites contain many 1-2-mm-wide feldspar porphyroclasts that display sweeping or patchy undulose extinction. Most feldspar grain boundaries in mylonites exhibit ~10 μm lobate sutures and irregularly shaped 10 μm neoblasts, and they locally display 10-25 μm subgrains that grade into partial rims of 10-25 μm neoblasts. Feldspar in ultramylonites is almost entirely recrystallized, with textures the same as those observed in mylonites.
Biotite Gneiss
The biotite gneiss is exposed in the southeastern third of the fi eld area, and the northern part of this unit is cut by the northern mylonite zone (Fig. 2) . Outside of the northern mylonite zone, the biotite gneiss consists of discontinuous bands, pods, and individual crystals of pinkweathering feldspar and quartz hosted in a relatively fi ne-grained black or charcoal gray matrix containing plagioclase + K-feldspar + quartz + biotite + epidote (Fig. 4B) . A weak grain-shape foliation is parallel with compositional layering. Layering and foliation in the biotite gneiss are deformed by gently southwest-plunging, moderately inclined to upright, open to tight, northwest-and southeast-vergent folds (Fig.  4B) . The hinge zones of these folds contain subhorizontal to gently southwest-plunging mineral lineations defi ned by elongated and rodded quartzofeldspathic pods and individual feldspar and quartz grains (Fig. 3D) ; rocks in fold hinge zones are commonly L tectonites. Both local fold hinges and the regional fold axis defi ned by the best-fi t great circle to the poles to foliations/layering are subparallel with the mineral lineations in the biotite gneiss (Fig. 3D ). These folds tighten approaching the northern mylonite zone, and fold axial planes become parallel with the mylonitic foliation as gneissic banding is progressively transposed in the northern mylonite zone.
In the northern mylonite zone, the biotite gneiss is a relatively homogeneous mylonite with a strong, straight, northeast-striking, subvertical grain-shape foliation defi ned by aligned biotite and fl attened feldspar and quartz grains (Fig. 3C ). These rocks are primarily S tectonites with no visible lineations on foliation surfaces. Where weakly developed mineral lineations are present, they are gently plunging and defi ned by elongated quartz and feldspar grains. Conspicuous 2-15-mm-wide plagioclase and K-feldspar porphyroclasts are present in every outcrop of the mylonitic biotite gneiss (Fig. 4C) . Mylonites of the biotite gneiss exhibit the same quartz and feldspar recrystallization textures as the mylonitic banded gneiss.
BEAR LAKE LOCALITY KINEMATIC ANALYSES
Meso-and Microstructural Analyses
Introduction and Methods
We conducted systematic kinematic analyses using microstructural and mesostructural kinematic indicators throughout the northern mylonite zone at the Bear Lake locality. We examined subhorizontal and subvertical, foliation-perpendicular faces throughout the fi eld area. In samples CB195-B and CB196, we also analyzed faces at 45° to strike, dipping north, and 45° to strike, dipping south (Fig. 5) . Kinematic indicators in these samples were classifi ed as: (1) sinistral, symmetrical, or dextral in strike-parallel faces; (2) northwest-side-up/ sinistral, symmetrical, and southeast-side-up/ dextral in north-dipping faces; (3) northwestside-up/dextral, symmetrical, and southeastside-up/sinistral in south-dipping faces; and (4) northwest-side-up, symmetrical, or south- east-side-up in vertical faces. Unfortunately, none of these samples was suitable for more precise quantitative estimates of the degree of noncoaxial deformation (see review by Xypolias, 2010) .
Results
In the French Slate, useful kinematic indicators include pressure-shadow overgrowths on garnet and biotite porphyroblasts (Fig. 6 ) (Simpson and Schmid, 1983; Etchecopar and Malavieille, 1987) and biotite fi sh formed from porphyroblasts without pressure-shadow overgrowths (ten Grotenhuis et al., 2003) . The large majority of overgrowths and porphyroblasts in both lineation-parallel and lineation-perpendicular thin sections are symmetrical (Fig. 7) . The lineation-perpendicular face of sample CB182 exhibits a signifi cant population of sinistral kinematic indicators (Fig. 7) . Otherwise, populations of asymmetrical kinematic indicators in these samples are quite small and evenly distributed.
In the banded gneiss mylonites, both quartz and feldspar deformed by pervasive crystalplastic fl ow and are highly recrystallized. This limits the number of suitable kinematic indicators in this lithology, and most samples yielded little useful information. However, thin sections from two samples, CB196 and CB195-B, exhibit signifi cant populations of tailed and tailless feldspar porphyroclasts (Figs. 8A and 8B) (Passchier and Simpson, 1986) , bookshelf feldspars (Simpson and Schmid, 1983) , shear bands (Fig. 8C) (Berthé et al., 1979; Platt and Vissers, 1980) , and type-I S-C fabrics ( Fig. 8D) (Berthé et al., 1979; Lister and Snoke, 1984) . Strikeparallel faces of both CB196 and CB195-B contain no convincing kinematic indicators, and the majority of clast-based kinematic indicators from the other faces are symmetrical (Fig. 9) . Vertical and dipping faces of these samples do exhibit signifi cantly more northwest-side-up than southeast-side-up clast-based kinematic indicators (Fig. 9) . These are the only faces that exhibit shear bands and local S-C fabrics, and these microstructures also indicate northwestside-up motion (Figs. 8C and 8D ).
In the biotite gneiss mylonites, quantitative kinematic data were collected in the fi eld at fi ve different stations using the conspicuous feldspar porphyroclasts (Figs. 2, 4C, and 10 ). Rocks at stations CB73, CB193, CB192, and CB67 are primarily S tectonites. Foliation faces at station CB199 contain gently southeast-plunging mineral lineations, and we analyzed a foliation-perpendicular, lineation-parallel exposure. There are no foliation-perpendicular, vertical exposures at station CB199. A large majority of clasts visible in all of the subhorizontal exposures of the biotite gneiss exhibit sinistral asymmetry (Fig. 10) . A majority of clasts exposed on subvertical faces are symmetrical, and the populations of asymmetrical clasts are evenly distributed (Fig. 10) .
Quartz Crystallographic Fabric Analyses
Methods
Quartz crystallographic fabrics were measured in samples CB174 and CB65 (Fig. 2) by collecting electron backscatter diffraction (EBSD) patterns. These were acquired with a scanning electron microscope (SEM) at Bowdoin College equipped with an HKL Nordlys II detector and Channel 5 software (software details in Schmidt and Olesen, 1989) . Samples were prepared by polishing microprobe-polished thin sections approximately four additional hours in a noncrystallizing colloidal silica suspension on a vibratory polisher (SYTON method of Fynn and Powell, 1979) . The thin sections were not carbon coated; charging was minimized by using a chamber pressure of 15 Pa combined with the 70° tilt required for pattern acquisition. Operating parameters were an accelerating voltage of 20 kV, a working distance of 25 mm, and a beam current of 2.2 nA. Channel 5 acquisition and indexing settings were 4 × 4 binning, high gain, 7 frames averaged, Hough resolution = 65, 6 bands, and 85 refl ectors. Quartz was indexed using the lattice parameters of Sands (1969) . Accepted data points were limited to those with mean angular deviations less than 1° based on the number of bands (6) detected compared to the experimental work of Krieger-Lassen (1996) on the precision of crystal orientations. EBSD patterns were collected in an automated mapping mode with step sizes of 3 μm for CB65 and 10 μm for CB174, which allowed collection of tens of data points per grain. Grains were grown to completion using an iterative extrapolation routine in which nonindexed data points acquired the average orientation of six neighbors. Prior et al. (2009) demonstrated that this method does not create substantial artifacts. The data were further processed to defi ne grains, and grains defi ned by this routine that were less than 60 μm in diameter were removed (method of Prior et al., 2009) . One averaged point per grain is plotted on the stereonets in Figure 11 .
Results
Sample CB174 is a mylonitic micaceous quartzite hosted in the French Slate near the terrane-bounding fault zone (Fig. 2) . This sample is an S tectonite. The crystallographic fabric data were collected from a thin section made from a vertical cut (Figs. 11A and 11C) . The a-axis maxima lie at the plot margins, and the central girdle of the c-axis fabric passes through the plot center when the data are viewed in a north-dipping, foliation-perpendicular plane that is 51° from strike (Figs. 11B and 11C ). In this reference frame, the c axes defi ne a kinked single girdle passing through the center of the plot, and the a axes defi ne two maxima at the plot margins connected by a single diffuse small-circle girdle (Figs. 11B and 11C ). Sample CB65 is an ultramylonite of the banded gneiss collected 40 m across strike from the contact with the French Slate (Fig. 2) . This sample is also an S tectonite. Crystallographic fabric data were collected from a 1-mm-wide quartz vein in a thin section made from a strikeparallel cut (Figs. 11D and 11F) . The a-axis maxima lie at the plot margins when the data are viewed in a south-dipping plane 70° from strike (Figs. 11E and 11F ). In this reference frame, the c-axis fabric forms a partial asymmetrical cross girdle that is not connected in the plot center, and the a axes defi ne weak maxima at the plot margins connected by diffuse small-circle girdles (Figs. 11E and 11F ).
INTERPRETATION OF THE BEAR LAKE LOCALITY Deformation Temperatures
French Slate
In the Bear Lake locality, the French Slate contains the prograde assemblage garnet + biotite + muscovite ± chlorite that records metamorphism under upper-greenschist-or lower-amphibolitefacies temperatures (Spear and Cheney, 1989; Spear, 1993) . Because these minerals defi ne the foliation and lineation, deformation probably took place under these temperature conditions. The temperatures of 433 ± 18 °C and 449 ± 22 °C calculated by Duebendorfer (1988) are probably minimum values, because there is evidence for retrograde metamorphism in all of the samples in his study (Duebendorfer, 1988) . Therefore, the French Slate in the Bear Lake locality probably records deformation at temperatures of 430-500 °C.
Eastern Bear Lake Subterrane
Dynamic recrystallization of quartz and feldspar is sensitive to variations in temperature, and the microscopic textures of these minerals can be used to estimate deformation temperatures in plastically deformed rocks (Tullis and Yund, 1987; Hirth and Tullis, 1992; Stipp et al., 2002a) . Rocks of the eastern Bear Lake subterrane cut by the northern mylonite zone exhibit similar quartz and feldspar recrystallization textures throughout the fi eld area. These textures indicate that quartz in mylonites and ultramylonites underwent fast grain-boundary-migration dynamic recrystallization, and feldspar underwent simultaneous grainboundary-bulging and minor subgrain-rotation dynamic recrystallization. Assuming typical geologic strain rates of 10 -13 to 10 -14
, deformation temperatures recorded by these samples are greater than 500 °C and less than 650 °C (Tullis and Yund, 1987; Hirth and Tullis, 1992; Stipp et al., 2002a) .
Wall-Rock Deformation
We agree with Houston (1986, 1987) and interpret the upright folds in the biotite gneiss outside of the northern mylonite zone as coeval with the Cheyenne belt shear zones. The gneissic foliation in this unit must at least partially predate this folding because it is deformed in fold hinge zones. Since these rocks are probably Archean in age (Ball and Farmer, 1991) , this fabric could be Archean. The rotated gneissic foliation in the fold limbs likely records some Paleoproterozoic horizontal shortening, and possibly fl attening strain, as most of the unit is an S tectonite. The L tectonites in the hinge zones of these folds probably formed via penetrative horizontal shortening of the preexisting subhorizontal gneissic foliation in the fold hinge zones (cf. Sullivan, 2013, his fi g. 9).
Meso-and Microstructural Kinematic Indicators
Field studies and models of transpressional shear zones show that simple-shear-dominated deformation can result in fl attening strains or mineral elongation lineations that are highly oblique or even perpendicular to the slip direction (e.g., Sanderson and Marchini, 1984; Fossen and Tikoff, 1993; Greene and Schweickert , 1995; Dutton, 1997; Dewey et al., 1998; Jiang and Williams, 1998; Czeck and Hudleston, 2003; Jones et al., 2004; Kuiper et al., 2011) . Careful structural analyses of multiple sample orientations can constrain the slip direction in such shear zones (e.g., Greene and Schweickert , 1995; Tikoff and Greene, 1997; Czeck and Huddle ston, 2003; Giorgis and Tikoff, 2004;  Sullivan and Law, 2007; Sullivan et al., 2011) . In these shear zones, the face with the most numerous and most internally consistent kinematic indicators, or the face with the greatest asymmetry, should be nearest to parallel with the transport direction.
Meso-and microstructural kinematic indicators throughout the northern mylonite zone indicate that there was signifi cant strain partitioning between rock units. Most potential kinematic indicators from French Slate samples CB178, CB182, and CB183 are symmetrical on horizontal and vertical faces. Hence, most of this unit probably experienced strongly coaxial deformation that accommodated foliationnormal shortening and vertical elongation. The sinistral kinematic indicators in CB182 indicate that the French Slate also records some localized sinistral strike-slip motion, in present-day coordinates. In the mylonitic banded gneiss, the large number of symmetrical clasts and the presence of shear bands indicate signifi cant coaxial shortening. The populations of asymmetrical kinematic indicators in dipping and vertical faces of CB196 and CB195-B also indicate that mylonitic fabrics in this unit probably accommodated some northwest-side-up, dipslip motion, in present-day coordinates. In the mylonitic biotite gneiss, horizontal exposures consistently exhibit majority populations of asymmetrical sinistral kinematic indicators, and the lineation-parallel exposure at CB199 exhibits the greatest asymmetry of any face examined. Fabrics on vertical exposures are generally symmetrical. Therefore, mylonitic fabrics in this unit probably record simple-shear-dominated deformation that accommodated sinistral strike-slip motion, in present-day coordinates.
Crystallographic Fabrics
Quartz crystallographic fabric formation and the resulting fabric geometries are sensitive to variations in the noncoaxiality of fl ow (e.g., Lister and Hobbs, 1980; Schmid and Casey, 1986; Law et al., 1990 ) and distortional strain geometry (e.g., Lister and Hobbs, 1980; Law, 1986; Schmid and Casey, 1986; Sullivan and Beane, 2010) . The three most important crystallographic slip systems in naturally deformed quartzites at temperatures that range from the onset of crystal plasticity to ~650 °C are basal 〈a〉, rhomb 〈a〉, and prism 〈a〉 (Schmid and Casey, 1986; Stipp et al., 2002b) . As quartz crystallographic fabrics form under these temperature conditions, the a-axis maxima track the transport direction (slip vector) during simple-sheardominated deformation or form conjugate pairs or girdles around the maximum or minimum elongation directions during coaxial deformation (Schmid and Casey, 1986; Sullivan and Beane, 2010) . Therefore, by placing them in a geographic reference frame, quartz a-and c-axis fabrics can constrain the external kinematic framework imposed on a sample (Wallis, 1992; MacCready, 1996; Sullivan and Law, 2007) .
In the French Slate sample, CB174, the a-axis maxima lie at the plot margins, and the central girdle of the c-axis fabric passes through the plot center when the data are viewed in a northdipping, foliation-perpendicular plane that is 51° from strike (Figs. 11B and 11C ). This plane is roughly parallel with the transport direction recorded by this sample. The asym metry of the c-axis fabric and the a-axis maxima indicate simple-shear-dominated deformation that accommodated northwest-side-up, sinistral oblique-slip, motion. The a-axis fabric also defi nes a weak small-circle girdle about the pole to the foliation in one half of the plot, and this indicates a small component of coaxial fl attening (Schmid and Casey, 1986) . In the ultramylonitic banded gneiss sample, CB65, the a-axis maxima lie at the plot margins when the data are viewed in a south-dipping plane 70° from strike (Figs. 11E and 11F ). This plane is roughly parallel with the transport direction recorded by this sample. The asymmetry of the c-axis fabric and the a-axis maxima indicate southeast-side-up, sinistral oblique-slip motion. The absence of c axes in the center of the plot, the presence of a small-circle girdle of c axes in one half of the plot, and the diffuse a-axis girdle in one half of the plot also indicate a signifi cant component of horizontal coaxial fl attening (Lister and Hobbs, 1980; Law, 1986; Schmid and Casey, 1986) .
Integrated Interpretation of the Bear Lake Locality
Rocks cut by the northern mylonite zone in the Bear Lake locality record a complex deformation geometry with a great deal of strain partitioning. From southeast to northwest, plastic deformation accommodated sinistral strike-slip motion; northwest-side-up, dominantly dip-slip motion; southeast-side-up, dominantly dip-slip motion; northwest-side-up, sinistral obliqueslip motion; and strongly coaxial, horizontal shortening with local subordinate sinistral strike-slip motion (Fig. 12) . We interpret the mylonitic fabrics in the biotite gneiss, banded gneiss, and French Slate as coeval for three reasons: (1) Mylonitic foliations in these domains are all subparallel; (2) they formed under similar temperature conditions; and (3) they are all kinematically related with evidence for sinistral strike-slip; northwest-side-up, dip-slip; sinistral/ northwest-side-up, oblique-slip motion; and ubiquitous coaxial horizontal shortening. These mylonitic fabrics effectively accommodate sinistral, northwest-side-up oblique transpression. We interpret the 50-100-m-wide ultramylonite zone cutting the banded gneiss at the terrane boundary as a younger feature because it is kinematically distinct (southeast-side-up motion), and because the presence of a relatively narrow band of ultramylonite fabrics at the terrane boundary implies late-phase strain localization.
ADDITIONAL EVIDENCE FOR SINISTRAL MOTION IN THE CHEYENNE BELT Observations
At least two additional areas in the Cheyenne belt record sinistral strike-slip motion-the Bear Mountain and Middle Fork localities (Fig. 1) . The Bear Mountain locality is located in the southeastern Sierra Madre where the southernmost strand of the Cheyenne belt is exposed just north of Bear Mountain (Fig. 1) . Exposure is poor in this area, but a single large outcrop along the ridge approaching Bear Mountain enabled a quantitative kinematic analysis. The shear zone here cuts metagabbro of the Green Mountain terrane that was intruded by numerous coarsegrained to pegmatitic leucogranite dikes (Houston and Graff, 1995; Jones et al., 2010) . The mafi c rocks are S tectonites with strong, straight, east-striking, subvertical foliations defi ned by greenschist-facies minerals; and the granite dikes are extensively boudinaged (Fig. 13) . Sixty-three granite boudins are exposed in subhorizontal faces in this outcrop. Forty-one of these exhibit sinistral asymmetry, 20 are symmetrical, and 2 exhibit dextral asymmetry. Thirty-three boudins are exposed in subvertical, foliation-perpendicular faces. Eight of these indicate north-side-up motion, 21 are symmetrical, and 4 boudins indicate south-side-up motion.
The Middle Fork locality is an exposure of the southern mylonite zone near the Middle Fork of the Little Laramie River in the eastern Medicine Bow Mountains (Fig. 1) . Here, the southern mylonite zone consists of a number of subparallel high-strain zones previously interpreted as an anastomosing shear zone network (Duebendorfer and Houston, 1987; Duebendorfer, 1990 ). The central strand of these shear zones is a 20-100-m-wide mylonite/ultramylonite zone. The boundaries of this zone are abrupt, and it contains northeast-striking, steeply southeast-dipping foliations and moderately to steeply northeast-plunging mineral lineations. Microstructural kinematic indicators observed on foliation-perpendicular, lineation-parallel faces in the main mylonite/ultramylonite zone overwhelmingly indicate southeast-side-up, dominantly dip-slip motion; other faces reveal much less asymmetry. Both quartz and feldspar in the central zone deformed plastically. The central mylonite/ultramylonite zone is fl anked by numerous 5-50-m-wide mylonite/ protomylonite zones. The fl anking zones have gradational boundaries and contain northeaststriking, subvertical foliations (Duebendorfer, 1986 (Duebendorfer, , 1990 . Most of the mylonite/protomylonite zones exhibit sinistral type I S-C fabrics (Lister and Snoke, 1984) on subhorizontal faces and subhorizontal, ridge-in-groove-style ductile slicken lineations (Lin and Williams, 1992) on the subvertical C surfaces. Duebendorfer (1986) reported steeply plunging lineations on S surfaces in these rocks. Quartz and feldspar both deformed plastically in these S-C tectonites, and they exhibit similar recrystallization textures in both S and C domains.
Interpretations
The data from the Bear Mountain locality closely match the results from the mylonitic biotite gneiss of the Bear Lake locality. These rocks probably record simple-shear-dominated deformation that accommodated sinistral strikeslip motion, in present-day coordinates.
The main mylonite/ultramylonite zone in the Middle Fork locality accommodated southeast- side-up, dip-slip motion, and the fl anking shear zones record sinistral strike-slip motion. Duebendorfer (1986) interpreted the sinistral S-C fabrics in the fl anking zones as polyphase features based on his observation of two lineations. We see no fi eld or microstructural evidence for two deformation events, and quartz and feldspar exhibit similar recrystallization textures in both S and C domains. This indicates that the S and C domains are coeval. The doubly lineated rocks observed by Duebendorfer (1986) are easily explained by strain partitioning between S and C domains, wherein S domains accommodated more horizontal shortening and vertical elongation, and C domains accommodated sinistral strike-slip motion (cf. Tikoff and Greene, 1997) . Exposure is limited in the Middle Fork locality, and we did not observe crosscutting relationships between the fl anking mylonite/protomylonite zones and the main mylonite/ultramylonite zone. However, our preferred interpretation of this area is that the central mylonite/ultramylonite zone represents late-phase strain localization dominated by southeast-side-up motion, and the fl anking mylonite/protomylonite zones record an earlier phase of sinistral strike-slip motion, in presentday coordinates.
INCORPORATION INTO THE REGIONAL FRAMEWORK
Evidence for sinistral strike-slip motion, in present-day coordinates, is found at the three localities described in this paper. It also is indicated by the sinistral separation of horses of lower Libby Creek Group rocks cut off from the French Creek syncline, and the geometry of the syncline itself implies drag folding along a sinistral fault zone (Houston and Karlstrom, 1992) . However, Sullivan et al. (2011) found no signifi cant evidence for sinistral strike-slip motion in two similar detailed investigations in the western Medicine Bow Mountains (Fig. 1) . There are two possible explanations for the discontinuous nature of evidence for sinistral motion along the Cheyenne belt: (1) Sinistral strike slip was discontinuous and localized in discrete domains; or (2) sinistral strike slip represents an earlier phase of deformation that was largely overprinted by later southeast-side-up, dip-slip motion. We favor the latter hypothesis for two reasons. First, there is no evidence for sinistral strike-slip motion where the Cheyenne belt narrows to a single 500-m-wide defor mation zone in the western Medicine Bow Mountains ( Fig. 1) (Sullivan et al., 2011) . This prohibits continuity between strike-slip motion in the eastern Medicine Bow Mountains at the Bear Lake and Middle Fork localities and strike-slip motion in the eastern Sierra Madre at the Bear Mountain locality. Second, in both the Bear Lake and Middle Fork localities, southeast-side-up, dip-slip motion is confi ned to localized ultramylonite/ mylonite zones, whereas evidence for sinistral strike-slip motion appears in less intensely deformed mylonites and protomylonites fl anking the ultramylonites. This relationship indicates that the less intensely deformed rocks record an earlier phase of deformation that was overprinted by the localized ultramylonite/mylonite zones. However, no overprinting relationships were observed in the fi eld. Cross Section Symbols Three lines of evidence indicate that sinistral strike-slip and oblique-slip motion across the Cheyenne belt took place at ca. 1750 Ma. First, the rock unit cut by the Cheyenne belt in the Bear Mountain locality contains zircon with 1743 ± 14 Ma metamorphic overgrowths (Jones et al., 2010) , and deformation in this zone postdates peak metamorphism. Second, the boudinaged granite dikes at the Bear Mountain locality are correlated with the ca. 1763 Ma synextensional Sierra Madre granite (Jones et al., 2010) . Third, S-C mylonites in the Middle Fork locality deform two-mica granite that is probably coeval with ca. 1748 Ma prograde metamorphism of the Barber Lake terrane (Duebendorfer, 1986; Duebendorfer and Houston, 1987; Strickland, 2004) . Regardless of its exact age, sinistral, northwest-side-up, oblique-slip motion must have been coeval with the formation of the metamorphic gradient in the French Slate because synmetamorphic fabrics in the French Slate record sinistral strike-slip and sinistral, northwest-side-up, oblique-slip motion. This indicates that sinistral oblique transpression was the dominant deformation style along the Cheyenne belt in the eastern Medicine Bow Mountains and may have been the dominant deformational style throughout the belt.
MODELS FOR THE CHEYENNE BELT
Thrust Fault Model
Presently, the most widely accepted model for the region envisions the Cheyenne belt as a lowangle, crustal-scale thrust fault system rotated into its present subvertical orientation during late-stage, orogen-scale folding (Karlstrom and Houston, 1984; Houston, 1986, 1987; Duebendorfer, 1988) . However, the new evidence for sinistral strike-slip motion across the Cheyenne belt does not agree with the thrust fault model (Table 1) . Three lines of regional evidence are also incompatible with predictions inherent to the existing thrust fault model (Table 1) . First, the French Slate at the northern margin of the Cheyenne belt (the presumptive footwall in the thrust model) records only low to moderate metamorphic pressures (Duebendorfer, 1988) . Rocks buried beneath thrust sheets that were at temperatures of 650 °C or more during thrusting should record much higher metamorphic pressures. Second, metamorphosed mafi c rocks exposed south of the Cheyenne belt contain amphibolite-facies mineral assemblages over 30 km across orogenic strike Houston et al., 1989) . Hence, there is no evidence for the gently dipping back limb of an orogen-scale fold or a progressive upward decrease in metamorphic grade in the hanging wall of the proposed thrust system. Finally, Paleoproterozoic deformational features throughout the central and southern Medicine Bow Mountains indicate penetrative horizontal shortening rather than nappe-style thrust faulting. For example:
(1) The French Slate resembles a classic slate belt with strong, straight, subvertical phyllitic foliations and isoclinal folds that indicate penetrative horizontal shortening Karlstrom and Houston, 1984) .
(2) Open to tight folds in the Bear Lake and Barber Lake terranes are upright and generally symmetrical Houston, 1986, 1987) .
(3)Amphibolite-facies foliations and lithologic contacts south of the Cheyenne belt are northeast striking and subvertical over 30 km across orogenic strike Houston et al., 1989) .
Based on these observations, we believe the existing data do not agree with the classic thrust fault model, wherein the main phase of deformation of the Cheyenne belt took place before the shear zones reached their present-day subvertical orientation.
Revised Model for the Cheyenne Belt
The Model
We propose the following revised model for the evolution of the Cheyenne belt that is largely built around the plate tectonic framework of Jones et al. (2010) :
(1) The Paleoproterozoic record begins with 2400-2000 Ma rifting of the Wyoming craton, followed by formation of a passive margin along the southern edge of the Wyoming Province ( Fig. 14A) (Karlstrom and Houston, 1984; Premo and Van Schmus, 1989) . The protolith of the Barber Lake terrane may have been deposited concurrently with the Libby Creek Group in the tectonic basin between the Wyoming Province and the Green Mountain arc (Ball and Farmer, 1991; Jones et al., 2010) . The Green Mountain arc formed as either: (1) a north-facing arc on a separate tectonic plate (Jones et al., 2010 , their model 1); or (2) a south-facing arc built on a rifted fragment of the Wyoming Province and separated from it by a backarc basin (Jones et al., 2010, their model 2) .
(2) The Snowy Pass Supergroup and supracrustal rocks of the Green Mountain terrane exposed in the western Sierra Madre were metamorphosed at ca. 1780 Ma (Duebendorfer et al., 2006) . This metamorphism roughly coincides with the ca. 1774 Ma cessation of subduction-related magmatism in the Green Mountain terrane (Jones et al., 2010) , and we attribute it to the initial tectonic juxtaposition of the Green Mountain terrane and the Wyoming Province (see Fig. 14B ). This could have involved either a "soft hit" arc-continent collision (Jones et al., 2010 , their model 1) or collapse of a backarc basin behind a fringing arc in response to shallowing of the subduction angle (Jones et al., 2010 , their model 2). There are no constraints on the exact timing of the initial telescoping of the terranes in the Medicine Bow Mountains. We attribute it to largely thin-skinned deformation during this ca. 1780 Ma event, because the faults that cut the Snowy Pass Supergroup are deformed by the French Creek syncline, and both the syncline and the faults are truncated by the Cheyenne belt ( Fig. 1) Karlstrom and Houston, 1984; Houston and Karlstrom, 1992) . These relationships imply two distinct kinematic phases. This deformation is represented by a thrust stack in Figure 14B , but it could have been transpressional. Faults formed during this phase of deformation probably created the crustal weak zones that later evolved into the Cheyenne belt shear zones.
(3) Postarc extension is recorded by ca. 1769-1759 Ma bimodal magmatism documented in the Sierra Madre (see Fig. 14C ) (Jones et al., 2010) . The undated bimodal intrusive rocks of the western Bear Lake subterrane may have formed during this event, but no evidence for this extensional episode has been recognized north of the Cheyenne belt. This magmatic pulse probably helped maintain a high thermal gradient in the Green Mountain terrane.
(4) Oblique plate convergence resulted in signifi cant crustal contraction around 1750 Ma (Strickland, 2004; Duebendorfer et al., 2006; Jones et al., 2010) . This drove amphibolitefacies metamorphism and penetrative crustal shortening in the young, hot, rheologically weak rocks south of the Cheyenne belt. Buttressing of this deformation against the old, cold, rheologically strong Archean basement caused earlier fault zones to steepen and become the subvertical Cheyenne belt shear zones. This was accompanied by reactivation and rotation of the faults cutting the Snowy Pass Supergroup (see Fig. 14D ). In this model, the Cheyenne belt is a sinistral oblique transpressional stretching fault system (Means, 1989 ) that simultaneously accommodated sinistral strike-slip motion, horizontal shortening, and dip-slip motion related to differential vertical elongation between the Green Mountain terrane and the Wyoming Province. This resulted in bulk sinistral oblique-slip motion across the belt. The Bear Lake and Barber Lake terranes came from outside of the plane of section in Figure 14D , and there are no constraints on the total amount of strike-slip motion. The eastern Bear Lake subterrane may have formed from a reactivated normal fault block from the extended continental margin, whereas the Barber Lake terrane may have formed from a thrust slice between the Green Mountain terrane and the Snowy Pass Supergroup (cf. Figs.  14B and 14D ). However, these possibilities are largely unconstrained.
(5) Continued crustal shortening and in creased exhumation rates caused a late-phase shift to southeast-side-up motion along much of the Cheyenne belt. This deformation largely overprinted fabrics related to the main-phase sinistral oblique transpressional deformation.
Two observations support the interpretation that differential penetrative horizontal shortening resulted in signifi cant crustal thickness variations across the Cheyenne belt. First, deformation fabrics south of the Cheyenne belt throughout the Medicine Bow Mountains are characterized by subvertical foliations, but evidence for Paleoproterozoic penetrative horizontal shortening north of the suture zone is largely restricted to the upper Libby Creek Group Karlstrom and Houston, 1984) . Second, seismic data indicate that the crust south of the Cheyenne belt is currently ~10 km thicker than the crust north of the belt (Smithson and Boyd, 1998; Crosswhite and Humphreys, 2003; Morozova et al., 2005) .
The principle of isostasy dictates that most crustal thickening takes place by displacing the mantle rather than building orogenic welts. Therefore, crustal thickening results in net downward displacement of material at most crustal levels (cf. Fig. 14D ). Downward displacement during crustal thickening can account for northwest-side-up motion in the northern mylonite zone at the Bear Lake locality. Additionally, the fl attening of this downward fl ow at deep crustal levels can explain the apparent interwedging nature of the Cheyenne belt recognized in seismic-refl ection profi les (Morozova et al., 2005) . It is unclear whether the inferred late-stage change in kinematic geometry from sinistral, northwest-side-up, oblique-slip motion to predominately southeast-side-up, dip-slip motion represents a shift in relative plate motions. A simpler explanation may be that the component of sinistral strike-slip motion was partitioned elsewhere in the orogen as deformation progressed. One possible candidate for this deformation is the Moose Mountain shear zone, located ~100 km south of the Cheyenne belt in the Colorado Province (Selverstone et al., 2000) . This shear zone separates two distinctly different Paleoproterozoic terranes and records ca. 1720 Ma sinistral strike-slip deformation (Selverstone et al., 2000) .
Comparisons with Existing Models and Additional Tests
Our model for the evolution of the Cheyenne belt is similar to existing models in that it relies heavily on the existing plate-tectonic framework and invokes rotation and transposition of initially shallowly dipping structures during subsequent penetrative horizontal shortening (cf. Hills and Houston, 1979; Karlstrom and Houston, 1984; Houston, 1986, 1987; Jones et al., 2010) . Our model differs from previously published models in that: (1) it invokes two distinct phases of crustal contraction north of the Cheyenne belt that were separated temporally by extension in the Green Mountain terrane (cf. Jones et al., 2010) ; (2) the main phase of deformation occurred while the shear zones were subvertical (cf. Hills and Houston, 1979; Karlstrom and Houston, 1984; Houston, 1986, 1987) ; and (3) this main phase of deformation accommodated sinistral strike-slip motion and differential crustal thickening across the belt (cf. Hills and Houston, 1979; Karlstrom and Houston, 1984; Houston, 1986, 1987) .
Several additional tests will help to further constrain models of the Cheyenne belt. Careful direct dating of the different kinematic domains at the Bear Lake and Middle Fork localities may help constrain the timing of deformation and test our interpretation of two distinct kinematic phases during ca. 1750 Ma crustal shortening. Additional direct dating of deformation north and south of the Cheyenne belt will help to test our interpretation of two distinct phases of crustal contraction north of the belt. Finally, detailed structural analyses and thermobarometry of rocks in the Medicine Bow Mountains south of the Cheyenne belt will help to constrain the overall architecture of the Medicine Bow orogeny.
Our fi eld observations and kinematic analyses can also be explained by variable transposition of earlier tectonic fabrics during pervasive simple shearing of all of the rocks in the belt (cf. Williams and Jiang, 2005) . In such an interpretation, some of the different kinematic domains may represent inherited fabrics that were not completely overprinted during foliation transposition. This interpretation is supported by the regional parallelism of foliations and tectonic contacts and by the observation that the compositional layering in the mylonitic banded gneiss and biotite gneiss was indeed transposed from an earlier gneissic structure. However, the kinematic indicators used in our analyses formed during pervasive dynamic recrystallization and grain-size reduction. Such fabrics typically do not survive subsequent metamorphism and deformation because the large grain-boundary and internal-strain potential energies cause them to rapidly recrystallize. Additionally, the biotite and banded gneiss mylonites record the same combined sense of motion (sinistral/northwestside-up oblique slip) as mylonites of the French Slate. The French Slate does not have a preCheyenne belt tectonic fabric. Therefore, we fi nd it unlikely that a signifi cant number of kinematic indicators in our dataset were inherited from an earlier deformation phase. Additionally, many of the rocks that contain evidence for sinistral strike-slip motion in the Middle Fork and Bear Mountain localities are younger than 1780 Ma, and they also do not exhibit any evidence for a pre-Cheyenne belt fabric.
Regional Correlations
Our model, like many of the existing models for the Cheyenne belt (e.g., Hills and Houston, 1979; Karlstrom and Houston, 1984; Duebendorfer and Houston, 1987) , is largely based on geologic data from the northeast-striking segment of the belt exposed in the Medicine Bow Mountains (Fig. 1) . West of the Medicine Bow Mountains, the Cheyenne belt is roughly eastnortheast or east striking (Fig. 1, inset) (Sears et al., 1982) . It is quite possible that convergence between the Wyoming Province and the Green Mountain terrane was roughly north-south directed in present-day coordinates. This convergence would lead to sinistral transpression along the northeast-striking segment of the Cheyenne belt and near-orthogonal convergence west of the Medicine Bow Mountains. Unfortunately, the original geometry of the Cheyenne belt is completely obscured by later deformation and magmatism west and east of the Medicine Bow Mountains (Hills and Houston, 1979; Houston and Graff, 1995; Frost et al., 1999; Dueben dorfer et al., 2006) , and direct regional correlations are impossible. However, several researchers have recognized high-temperature, penetrative crustal shortening and northeast-striking, reverse-sinistral, oblique-slip shear zones north of the inferred trace of the Cheyenne belt in the Laramie Mountains (e.g., Chamberlain et al., 1993; Bauer et al., 1996; Allard, 2003; Resor and Snoke, 2005) .
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